κ Pegasi is a well-known, nearby triple star system. It consists of a "wide" pair with semi-major axis 235 milli-arcseconds, one component of which is a single-line spectroscopic binary (semi-major axis 2.5 milli-arcseconds). Using high-precision differential astrometry and radial velocity observations, the masses for all three components are determined and the relative inclinations between the wide and narrow pairs' orbits is found to be 43.8±3.0 degrees, just over the threshold for the three body Kozai resonance. The system distance is determined to 34.60 ± 0.21 parsec, and is consistent with trigonometric parallax measurements.
Introduction
κ Pegasi (10 Pegasi, ADS 15281, HR 8315, HD 206901; V ≈ 4.1, K ≈ 3.0) is comprised of two components, each with F5 subgiant spectrum, separated by 235 milli-arcseconds (here referred to as A and B; for historical reasons, B is the brighter and more massive-this distinction has been the cause of much confusion). Both components A and B have been with mass ratio M Bb /M Ba and luminosity ratio L Bb /L Ba , the observed quantity is
where −−→ r A−B is the model separation pointing from star A to the CM of B, and − −−− → r Ba−Bb is the model separation pointing from star Ba to star Bb. Including this coupling term for astrometric data is important when a full analysis including radial velocity data is made. The light-time effect (LTE) for the finite speed of light across the A-B orbit is included in computing the model of the Ba-Bb orbit.
Alternatively, one can directly combine a model of the A-B system with a model of the motion of the CL of Ba-Bb. For purely astrometric data such a model is appropriate. In this case, there is no sign change for the Ba-Bb CL model, and no extra coupling amplitude is required. This model is used to fit purely astrometric data sets. 
Observations and Data Processing

PHASES Observations
κ Pegasi was observed with PTI on 52 nights in 2002-2004 using the observing mode described in Lane and Muterspaugh (2004) . This method for phase-referenced differential astrometry of subarcsecond binaries is briefly reviewed here.
In an optical interferometer light is collected at two or more apertures and brought to a central location where the beams are combined and a fringe pattern produced. For a broadband source of central wavelength λ the fringe pattern is limited in extent and appears only when the optical paths through the arms of the interferometer are equalized to within a coherence length (Λ = λ 2 /∆λ). For a two-aperture interferometer, neglecting dispersion, the intensity measured at one of the combined beams is given by I(x) = I 0 1 + V sin (πx/Λ) πx/Λ sin (2πx/λ)
where x is the differential amount of path between arms of the interferometer, V is the fringe contrast or "visibility", which can be related to the morphology of the source, and ∆λ is the optical bandwidth of the interferometer assuming a flat optical bandpass (for PTI ∆λ = 0.4µm).
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The location of the resulting interference fringes are related to the position of the target star and the observing geometry via
where d is the optical path-length one must introduce between the two arms of the interferometer to find fringes. This quantity is often called the "delay." − → B is the baseline, the vector connecting the two apertures.
− → S is the unit vector in the source direction, and c is a constant additional scalar delay introduced by the instrument. The term δ a − → S , t is related to the differential amount of path introduced by the atmosphere over each telescope due to variations in refractive index. For a 100-m baseline interferometer an astrometric precision of 10 µas corresponds to knowing d to 5 nm, a difficult but not impossible proposition for all terms except that related to the atmospheric delay. Atmospheric turbulence, which changes over distances of tens of centimeters, angles on order tens of arcseconds, and on subsecond timescales, forces one to use very short exposures (to maintain fringe contrast) and hence limits the sensitivity of the instrument. It also severely limits the astrometric accuracy of a simple interferometer, at least over large sky-angles.
However, in narrow-angle astrometry one is concerned with a close pair of stars, and the observable is a differential astrometric measurement, i.e. one is interested in knowing the angle between the two stars ( − → ∆ s = − → s 2 − − → s 1 ). The atmospheric turbulence is correlated over small angles. If the measurements of the two stars are simultaneous, or nearly so, the atmospheric term subtracts out. Hence it is still possible to obtain high precision "narrowangle" astrometry.
To correct for time-dependent fluctuations in the atmospheric turbulence, observations consisted of operating PTI in a phase-referenced observing mode. After movable mirrors in the beam-combining lab apply delay compensation to the light collected from two 40 cm apertures, the light from each aperture is split using 30/70 beamsplitters. Seventy percent of the light is sent to the phase-tracking "primary" interferometric beam combiner which measures the time-dependent phase of one star's interferogram (fringes) caused by the atmospheric turbulence, and used in a feed-back loop to control the optical delay lines.
The other 30% of the light is diverted to the "secondary" interferometric beam combiner. In this system there is an additional delay line with a travel of only ≈ 500 microns. This is used to introduce delay with a sawtooth waveform with frequency on order a Hertz. This allows us to sample the interferograms of all stars in the one arcsecond detector field whose projected separations are within the scan range. Laser metrology is used along all starlight paths between the 30/70 split and the point of interferometric combination to monitor internal vibrations differential to the phase-referencing and scanning beam combiners. For κ Pegasi, the typical scanning rate in 2002-2003 was one scan per second and four intensity measurements per ten milliseconds; these values were doubled in 2004. The typical scan amplitude was 100 microns. An average of 2189 scans were collected each night the star was observed.
PHASES Data Reduction
The quoted formal uncertainties in the PHASES data are derived using the standard PHASES data reduction algorithm, which is reviewed here. First, detector calibrations (gain, bias, and background) are applied to the intensity measurements. Next, a grid in differential right ascension and declination is constructed over which to search (in ICRS 2000.0 coordinates). For each point in the search grid the expected differential delay is calculated based on the interferometer location, baseline geometry, and time of observation for each scan. These conversions were simplified using the routines from the Naval Observatory Vector Astrometry Subroutines C Language Version 2.0 (NOVAS-C; see Kaplan et al. (1989)) . A model of a double-fringe packet is then calculated and compared to the observed scan to derive a χ 2 value as a merit of goodness-of-fit; this is repeated for each scan, co-adding all of the χ 2 values associated with that point in the search grid. The model fringe template is found by observing single stars, incoherently averaging periodograms of their interferograms, and fitting a sum of Gaussians to the average periodogram. This model effective bandpass is Fourier transformed into delay space to create a model interferogram. Sample data sets have been reanalyzed with a variety of model interferograms and the resulting astrometric solutions vary by less than one µas; this is largely due to the differential nature of the measurement. Note that in addition to the differential delay there are several additional parameters to the double fringe packet: fringe contrast and relative intensities as well as mean delay. These are all adjusted to minimize χ 2 on a scan-by-scan basis. The final χ 2 surface as a function of differential right ascension and declination is thus derived. The best-fit astrometric position is found at the minimum χ 2 position, with uncertainties defined by the appropriate χ 2 contour-which depends on the number of degrees of freedom in the problem and the value of the χ 2 -minimum.
One potential complication with fitting a fringe to the data is that there are many local minima spaced at multiples of the operating wavelength. If one were to fit a fringe model to each scan separately and average (or fit an astrometric model to) the resulting delays, one would be severely limited by this fringe ambiguity (for a 110-m baseline interferometer operating at 2.2µm, the resulting positional ambiguity is ∼ 4.1 milli-arcseconds). However, by using the χ 2 -surface approach, and co-adding the probabilities associated with all possible -7 -delays for each scan, the ambiguity disappears. This is due to two things, the first being that co-adding simply improves the signal-to-noise ratio. Second, since the observations usually last for an hour or even longer, the associated baseline change due to Earth rotation also has the effect of "smearing" out all but the true global minimum. The final χ 2 -surface does have dips separated by ∼ 4.1 milli-arcseconds from the true location, but any data sets for which these show up at the 4σ level are rejected. The final astrometry measurement and related uncertainties are derived by fitting only the 4σ region of the surface.
The PHASES data reduction algorithm naturally accounts for contributions from photon and read-noise. Unmonitored phase noise shows up by increasing the minimum value of χ 2 surface. Comparison of this value with that expected from the number of degrees of freedom allows us to co-add the phase noise to the fit.
This method has been rigorously tested on both synthetic and real data. Data sets are divided into equal sized subsets which are analyzed separately. A Kolmogorov-Smirnov test shows the formal uncertainties from the PHASES data reduction pipeline to be consistent with the scatter between subsets. After an astrometric solution has been determined, one can revisit the individual scans and determine best-fit delay separations on a scan-by-scan basis (the fringe ambiguity now being removed). The differential delay residuals show normal (Gaussian) distribution, and Allan variances of delay residuals agree with the performance levels of the formal uncertainties and show the data to be uncorrelated. It is concluded that the PHASES data reduction pipeline produces measurement uncertainties that are consistent on intranight timescales. Additionally, because components A and Ba are nearly identical (and in particular have equal temperatures to within the uncertainties of the best measurements), potential systematics such as differential dispersion are negligible.
The PHASES measurements have excess scatter about a fit to the double Keplerian model given by eq. 2. Either a scaling factor of 6.637 or a noise floor at 142 µas is required to produce a χ 2 r of unity for the PHASES-only orbit; these values are much larger than observed in other PHASES targets. Because the PHASES analysis has been shown to be consistent on intranight timescales, it is concluded that this excess scatter must occur on timescales longer than a day. Model fit residuals of the PHASES measurements do not show periodic signals, implying the excess scatter is not the result of an additional system component.
Two effects might explain the excess scatter in the PHASES measurements. First, significant variability of either component Ba or Bb would alter the CL position. Hipparcos photometry shows total system photometric scatter only at the level of 4 milli-magnitudes ; in the extreme case that this scatter were entirely due to variability of component Bb, the astrometric signal would only be of order 35 µas. The Hipparcos range -8 -in photometric variability is 20 milli-magnitudes; variability on this scale would produce astrometric shifts of scale larger than the observed noise floor, but would require Bb to be an extremely variable star.
A second explanation for the excess scatter may be that the model (equation 1) is not quite the proper model for PHASES observations of triple star systems. In particular, the location of the phase-zero for the Ba-Bb subsystem is not exactly that of its CL; due to the interferometer's fringe response function, the coupling factor is non-linear and approaches the CL approximation for small separations. If the companion were faint (in this case, a white dwarf), this effect would be negligible and the phase-zero would just be the location of component Ba. If this effect is significant in the κ Pegasi system one might expect to see large amounts of night-to-night scatter in the interferometric visibility ratios between the A and B fringe packets. Unfortunately, the interferograms are much too noisy to allow detection of what is expected to be less than a 4% effect (at the level of the interferogram signal to noise, no scatter is observed in the PHASES interferograms). In comparison to recent PHASES work on the V819 Herculis triple system (Muterspaugh et al. 2005 ), this effect is more significant for κ Pegasi because the baseline-projected Ba-Bb subsystem separation is sometimes of order the interferometer resolution (the V819 Herculis Ba-Bb subsystem semimajor axis is much smaller and the CL approximation is more appropriate).
For these reasons, PHASES observations are likely better suited to studying planets in binary systems than they are for studying triple star systems. The proposed processes would introduce a noise-floor to the astrometric measurements rather than a scaling to be applied to all uncertainty estimates. Orbital solutions for the triple system were twice computed; once with all PHASES uncertainties increased by a 6.637 scale factor, and again by imposing a 142 µas noise-floor on the PHASES uncertainties. Differences in the fit parameter values represent the systematic errors.
The PHASES differential astrometry measurements are listed in -10 -
Previous Differential Astrometry Measurements
Previously published differential astrometry measurements made with other methods have been collected and is presented in Table 2 (the complete table available in the electronic version). All of these measurements have been tabulated in either the Washington Double Star Catalog (Mason et al. 2001b) or the Fourth Catalog of Interferometric Measurements of Binary Stars (Hartkopf et al. 2004 ). In two cases discrepancies were found between the uncertainties listed in the Fourth Catalog and the original sources (the 1982 (the .595 and 1982 (the .852 measurements, both from Tokovinin (1983 ); in each case the uncertainties listed in the original work were used. Several data points listed without uncertainty estimates in the Fourth Catalog were found to have uncertainty estimates listed in the original works, in which case those values were used. In several cases a copy of the original source paper could not be obtained; these measurements are flagged in Table 2. A Keplerian model was fit to the data points for which uncertainty estimates were available to determine whether these were systematically too large or too small, and to find outliers. Measurements were marked as outliers if their fit residual was larger than 3σ in either separation or position angle. Because there were only ten visual/micrometer measurements with published uncertainties (including one outlier), these were not treated as a separate group. There were 43 interferometric measurements with published uncertainty estimates (including four outliers). The uncertainty estimates were found to be systematically too small; this factor was larger in position angle than in separation. Upon iteration, it was found that the separation uncertainties for these 48 data points needed to be increase by a factor of 1.137 and the position angle uncertainties by 2.188. A double Keplerian model (as in eq. 2, to allow for the Ba-Bb subsystem) does not improve the fit; the measurements are insensitive to this small signal.
Most of the previous differential astrometry measurements were published without any associated uncertainties. To allow these to be used in combined fits with other data sets, the average uncertainties were determined as follows. The measurements were separated into subgroups by observational method and each set was analyzed individually; the first group included eyepiece and micrometer observations, and the second contained interferometric observations, including speckle, phase-grating, aperture masking, and adaptive optics. Relative weights were applied to individual measurements as the square root of the number of individual measurements averaged for a given data point. The uncertainties were first estimated to have unit weighting of 10 milli-arcseconds in separation and 1 degree in position angle. A Keplerian model was fit to the data, and residuals in separation and position angle treated individually to update the estimates and outliers removed (again at the 3σ level in either separation or position angle). This procedure was iterated until uncertainties were Note. -PHASES data for κ Pegasi. All quantities are in the ICRS 2000.0 reference frame. The reweighted uncertainty values presented in this data have all been scaled by a factor of 6.637 over the formal (internal) uncertainties within each given night. Alternatively, a noise floor is introduced to the uncertainties at a value of 142 µas; both methods of accounting for excess scatter in the data are used in modeling the system to determine systematic uncertainties. Column 6, φe, is the angle between the major axis of the uncertainty ellipse and the right ascension axis, measured from increasing differential right ascension through increasing differential declination (the position angle of the uncertainty ellipse's orientation is 90 − φe). Introducing a noise floor to the data preserves this orientation angle. The last column is the number of scans taken during a given night.
-12 -found consistent with the scatter. Again no improvements were seen in fitting to a double Keplerian model. Of the 358 visual data points, 22 were found to be outliers; the remaining were found to have unit weight average uncertainties of 54.8 milli-arcseconds in separation and 8.94 degrees in position angle. Four of the 44 interferometric data points were found to be outliers; the remaining set was found to have unit weight average uncertainties of 3.83 milli-arcseconds and 1.69 degrees.
While these previous differential astrometry measurements were generally made at different observing wavelengths than the PHASES K-band measurements, their precision is low enough that the wavelength dependency of the Ba-Bb CL is negligible.
Iodine-cell Radial Velocity Data
Twenty radial velocity measurements for component A and thirty for component Ba were obtained with an iodine gas cell reference using the HIRES spectrometer on the Keck telescopes, using the method described in Konacki (2005) . The formal uncertainties of these velocity measurements agree relatively well with scatters about simple models. The component A velocity uncertainties need to be increased by a multiplicative factor of 1.073 to fit a simple linear model (a + bx, x is time) with goodness of fit χ 2 r = 1. The component Ba velocities were fit to a single-Keplerian model representing the Ba-Bb orbital motion combined with a quadratic equation for the CM velocity, which accounts for A-B motion. The component Ba velocity uncertainties must be increased by a multiplicative factor of 1.184 to fit with χ 2 r = 1. These measurements are listed in Table 3 ; the uncertainties presented have already been increased by these amounts. The average velocity uncertainty for the (spectrally broad lined) component A is 250 m s −1 and that for component Ba is 35 m s −1 .
The angle of the Keck-HIRES slit mask is held constant relative to angle on the sky for all observations, and the slit is centered on the CL of the three κ Pegasi components A, Ba, and Bb. Orbital motion of the A-B system changes the position of each star relative to the CL of the system and thus within the slit. These alignment changes are observed as an apparently variable system CM velocity; the signs of these variations for component A are opposite that for the Ba-Bb pair. In the combined 3-dimensional fit with other data sets, this effect is modeled with a polynomial system velocity of
for component A and , and 53198 is an arbitrary offset near the average time of all observations. The best fit is found with fixing R V = 1 without letting it vary as a fit parameter, likely because only the (higher precision) Ba measurements are sensitive to this effect (the size of the required correction is found to be smaller than the component A measurement precisions). Illuminating the slit with a multimode fiber may remove this effect.
The observed spectra do show effects from a third set of spectral lines. These are probably from component Bb; that they can be seen at all indicates this component is too bright to be a white dwarf. A three-dimensional cross-correlation is being developed to obtain velocity measurements for all three components simultaneously, which will be included in a future investigation.
Previous Radial Velocity Data
Previously published radial velocity measurements from Lick Observatory and CORAVEL have also been collected and reproduced in Table 4 (the complete table available in the electronic version). Each set of radial velocity measurements were fit to double Keplerian models. Luyten (1934) determined the uncertainties of the Lick Observatory velocities presented in Henroteau (1918) at 1.66 km s −1 ; these values are found to be consistent in the present study. The CORAVEL velocities from Mayor and Mazeh (1987) required reweighting by a multiplicative factor of 2.31 to be consistent with the scatter about the model. Three velocities for component A were reported in Mayor and Mazeh (1987) . These measurements are discrepant with the other measurements, and are not included in the present fit. Because these velocity measurements were made with a one dimensional crosscorrelation algorithm, spectral contamination from component Ba may have biased the A velocities. The broad spectral lines of component A may be more sensitive to spectral blending.
Orbital Solution
A combined model for the system was determined by fitting all measurements to equation 1. The fit was repeated twice, once using PHASES data with reweighted uncertainties, and again with a 142 µas noise floor for the PHASES data. All plots presented in this paper assume the fit solution in which the 142 µas noise floor was imposed. The combined fit with Table 3 : Keck-HIRES iodine-cell radial velocity data of κ Pegasi. The uncertainties presented have been scaled from the formal (internal) uncertainties to reflect the scatter about a best-fit models. The scaling factor for component A velocities was 1.073; for Ba, it was 1.184.
-16 - Henroteau (1918); Luyten (1934) determined the uncertainties of this data set from the scatter to a model at 1.66 km s −1 ; these values are consistent with the present solution. Set 2 is CORAVEL data from Mayor and Mazeh (1987) ; the uncertainties have been reweighted by a factor of 2.31 from the original work, in order that they might be combined with other data sets for a simultaneous fit. The complete table is available in the electronic version.
-17 -PHASES data uncertainties reweighted has a minimized reduced χ 2 r = 1.161; for the combined fit with a 142 µas PHASES noise floor χ 2 r = 1.165. The fits have 22 free parameters and 1061 degrees of freedom; the values for χ 2 r are slightly higher than one would expect, likely resulting from the way in which several of the uncertainties had to be estimated. The uncertainties presented for all fit parameters in Table 5 have been increased by a factor of χ 2 r . The combined orbital model is plotted in Figures 1 (the A-B orbit) and 2 (the Ba-Bb orbit). 
· · · · · · 6.8 × 10 −6 ± 2.3 × 10 −6 6.9 × 10 −6 ± 2.3 × 10 −6 6.9 × 10 −6 ± 2. Note. -Orbit models for κ Pegasi. Pre.: Previous differential astrometry measurements, listed in Table 2 . Uncertainties in the final column are the maximum of three uncertainties: the uncertainty from the combined fit that included PHASES-reweighted data, that including PHASES data with a 142µas noise floor, and the difference in the fit values for the two models. The luminosity ratio L Bb /L Ba is for K-band observations. K p,A − K p,B is derived from Keck adaptive optics imaging rather than from PHASES measurements. The final five parameters are derived from the other quantities; their uncertainties are determined via error propagation.
* Converted from years in original work. ‡ Converted from years in original work, quantity in parenthesis converts to common epoch.
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No evidence supporting additional companions is seen, including the proposed 4.77-day period companion to κ Pegasi A. The suggested amplitude for the velocity curve in Beardsley & King was roughly 30 km s −1 , corresponding to astrometric motion of star A on order 1.1 mas, an effect that would be seen in the PHASES astrometric data if present. The data residuals are plotted in Figures 3 and 4. 
Eccentricity and Mutual Inclination
A small-but non-zero-eccentricity is found in the Ba-Bb system. The main sequence age for 1.6 M ⊙ stars is of order 2.5 gigayears (Gyr); the subgiant luminosity classes of components A and Ba implies the system age is likely near this value. Tidal circularization of the Ba-Bb system is predicted to occur on Gyr timescales (Zahn 1977) ; tidal circularization explains the low eccentricity only if three-body dynamics do not dominate the evolution of the Ba-Bb eccentricity.
The mutual inclination Φ of two orbits is given by cos Φ = cos i 1 cos i 2 + sin i 1 sin i 2 cos (Ω 1 − Ω 2 )
where i 1 and i 2 are the orbital inclinations and Ω 1 and Ω 2 are the longitudes of the ascending nodes. The combined fit gives a value of 43.8 ± 3.0 degrees for the relative inclinations of the A-B and Ba-Bb orbits. This represents only the sixth system for which unambiguous determination of the mutual inclination is possible.
The mutual inclination of the κ Pegasi system is found to be just over the threshold (39.2 degrees) required for the Kozai Mechanism to drive inclination-eccentricity oscillations in the Ba-Bb system (Kozai 1962) . The maximum eccentricity found in such oscillations is given by Innanen et al. (1997) as
where Φ 0 is the mutual inclination at small eccentricity states. For a mutual inclination of 43.8 ± 3.0 degrees, e max is in the range 0.36
−0.10 . While the fit solution shows a slight (1.5σ) preference for a mutual inclination for which Kozai oscillations will occur, the uncertainty is such that a lack of such oscillations would not be a complete surprise. The period of Kozai oscillations would be of order 10 4 years (Kiseleva et al. 1998) ; this is much shorter than predicted tidal circularization timescales. An insignificant amount of orbital energy would be lost to tidal heating over the course of each oscillation, and the Kozai Mechanism would dominate the evolution of the eccentricity of the Ba-Bb subsystem. Over the life of the system, it is possible that some orbital energy is lost to tidal heating. -25 -
The current small value for the Ba-Bb eccentricity tempts one to conclude that Kozai oscillations do not occur (i.e. that the true mutual inclination is on the lower side of the 39.2 degrees threshold), but it is also possible that it is simply being observed at a fortunate time. Over the ninety years over which radial velocity measurements of Ba have been made, one might expect to see variations in the Ba-Bb eccentricity of order a fraction of a percent. The Lick and CORAVEL radial velocity measurements by themselves each only determine the Ba-Bb eccentricity to the level of a percent, thus one cannot measure whether significant Kozai-induced eccentricity variations have occurred.
Parallax
The combined astrometric and RV model is used to determine the distance to the system, and in turn a value of 28.90 ± 0.18 milli-arcseconds for the system parallax. This value agrees well with the trigonometric parallax determined from Hipparcos astrometry by Martin et al. (1998) , who reprocessed the Hipparcos astrometry using the A-B orbital model of for CL astrometric corrections; their value is 28.63 ± 0.92. The raw Hipparcos trigonometric parallax of 28.34 ± 0.88 milli-arcseconds also agrees well .
The revised Hipparcos analysis of Söderhjelm (1999) gives a value of 27.24 ± 0.74, which does not agree well with the other results. Also discrepant is the original (ground-based) trigonometric parallax measurement of 35.6 ± 3.2 of van de Kamp (1947) . It should be noted that for much of the history of the system's study, the parallax of van de Kamp was used to estimate the total system mass, leading to discrepant values. Both of these do agree at the 3σ level, and it is concluded that the present value of 28.90 ± 0.18 is most consistent with all observations.
Component Masses and Stellar Evolution
Components A and Ba are of roughly equal mass (at M A = 1.549 ± 0.050M ⊙ and M Ba = 1.662 ± 0.064), and were likely late-type A or early F dwarfs stars before evolving to their present state slightly off the main sequence. The measured mass for component Bb (M Bb = 0.814 ± 0.046M ⊙ ) indicates it is likely a late-type G or early K dwarf. The third set of lines are observed in the Keck-HIRES spectra supports identification of this component as a late G/early K dwarf rather than a white dwarf remnant of a much more massive star. At near-infrared K-band, the expected luminosity of a late G/early K dwarf is 7% that of -26 -either component A or Ba; while not in perfect agreement with the combined fit value for the luminosity ratio, this does indicate the low value is appropriate and astrometric effects due to a luminous third component are small.
The κ Pegasi system is valuable to modeling stellar evolution as masses for all three components are well-constrained, and two slightly evolved stars can be assumed coevolved with the faint dwarf component Bb. Differential magnitudes for all system components (which can perhaps be determined from the Keck-HIRES spectra in a later investigation) are required for proper evolutionary modeling.
Keck adaptive optics observations of κ Pegasi on MJD 53227.44 determine a differential magnitude between component A and combined light for Ba and Bb of 0.188 ± 0.001 magnitudes in a narrow band H 2 2-1 filter centered at 2.2622 microns. Observations of similar spectral type 20 Persei (F4V+F6V) during the same evening in both the narrow band filter and astronomical K p band are used to approximate the K p band differential magnitude as 0.190 ± 0.001. Better measurement of the relative intensities of Ba and Bb is required to constrain stellar models.
Conclusions
The PHASES measurements provide detection of the κ Pegasi Ba-Bb subsystem CL motion for the first time. This allows the mutual inclinations of the wide and narrow orbits to be determined; this is only the sixth such determination that has been made. The high value for the relative inclination implies the narrow (Ba-Bb) pair may undergo eccentricityinclination oscillations caused by the Kozai mechanism. No evidence for additional system components is observed.
Combined with radial velocity observations, the distance to the κ Pegasi system is determined to a fifth of a parsec. The distance agrees well with that determined by Hipparcos astrometry, and is of higher precision. Masses for each component are determined at the level of a few percent; continued observations-particularly to determine additional velocities for component A (or the first velocities for Bb)-will improves these mass measurements. Future investigations of this system to determine the relative luminosities of the three components will allow model fitting of the components' evolutions, of particular interest because two components have evolved slightly off the main sequence.
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